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INTRODUCTION
The Great East Japan Earthquake on 11 March 2011 caused tremendous damage to various historical documents and cultural heritage. Currently, the restoration projects are still only halfway implemented. Among these projects, the Consortium for the Earthquake-Damaged Cultural Heritage (CEDACH) is developing a social network that bridges the following three groups: The first group consists of local cultural resource management (CRM) officers, researchers, NPOs (non-profit organisations), and citizens who are directly engaged in the restoration of damaged and endangered cultural properties. The second group involves researchers and CRM officers who were sent from other regions to the disaster area for extending help. The third comprises remote researchers, including historians, archaeologists, and specialists of cultural information studies as well as other members of the public willing to provide support with their professional skills and/or manpower despite their difficulty to stay in the disaster-hit area to provide direct support. CEDACH decided to make use of web-based services to develop an open and low-cost social infrastructure that facilitated the collaboration among these three groups, with as many advocates as possible joining the projects without concerns about their own business and geographical restrictions , Kondo et al., 2012 , Okamura et al., 2013 . In the process of recognising local needs, CEDACH anticipated that a digital heritage inventory (Myers et al., 2012) should be implemented for handling a large-scale and unorganised database of disaster-damaged cultural heritage. This would be accomplished with the help of advanced information and communication technologies (ICT) and manpower derived from selfmotivated volunteers. This paper reports on three projects in which CEDACH contributed to developing a digital inventory for disaster-damaged heritage management, based on the abovementioned needs-(1) CEDACH GIS, an attempt to develop a web-based heritage site database system for the disaster area; (2) digital restoration of the book catalogue from a tsunami-devastated research library; and (3) CEDACHeLi, an e-Learning curriculum for information processing in rescue projects of disaster-damaged cultural heritage.
CEDACH GIS
Just after the launch of this initiative, CEDACH started developing a geospatial information system called CEDACH GIS. This system was implemented to facilitate rescue operations, conservation, and restoration of disaster-damaged cultural heritage by Figure 1 : The interface of the CEDACH GIS integrating various sorts of information into a unified database system with geospatial information in order to understand where, what, and how the cultural properties were present. For this purpose, the system handled a large-scale dataset, including digital elevation models, airborne and satellite images captured before and after the tsunami, and the locations and attributes of archaeological sites and monuments , Kondo et al., 2012 . Since the data collection and validation required a large amount of collaborative manpower, the CEDACH GIS employed a web-based working platform and open data source so that selfmotivated people could easily participate in the work.
At the beginning of data accumulation, CEDACH listed archaeological sites and monuments in the disaster areas. Approximately 50 self-motivated workers, including a number of geography students, participated in this project to check the geocoordinates of sites registered in the nationwide database hosted by the Nara National Institute for Cultural Properties. This work employed SaaS (Software as a Service) available online. Sites were mapped by means of Google Fusion Tables and Google Maps (Figure 1 ), and the locations were then cross-checked with reference to the readymade online digital maps provided by the Geospatial Information Authority of Japan.
The CEDACH GIS project faced difficulties when it looked into the needs of practical applications of the local CRM projects in the disaster area. In the early stages, the restoration processes for damaged cultural properties were not yet determined. Therefore, CEDACH started developing the system, anticipating that GIS would be required for restoration projects. However, it turned out later that restoration proceeded more quickly than expected. Since most of the archaeological heritage sites were buried underground, they were minimally damaged. In contrast, a number of historical monuments, architectural remains, museums, and public storage facilities for local historical documents, folklore materials, and archaeological objects in the coastal areas were devastated by the tsunami. These were not always registered in the newly-implemented archaeological site database. In theory, there might have been some need for an archaeological database in rescue archaeology before construction work over the course of restoring social infrastructure. However, local CRM officers did not actually rely on the new mapping system. When they were asked to conduct an archaeological survey before constructions, as stipulated by the Law for the Protection of Cultural Properties, they tended conducted it as quickly as possible, with their customary conventional manner. The local governments also started applying the all-in-one GIS, including urban planning and risk management. The need for CEDACH GIS then decreased moderately, and this led to the unfeasibility damaging the workers' 
DIGITAL RESTORATION OF THE LIBRARY CATALOGUE
The storage of Ishinomaki Culture Center, a municipal museum at Ishinomaki, Miyagi prefecture, was devastated and heavily contaminated by the tsunami and resulting debris (Kaner et al., 2011, Uozu and . There was previously a research library in the Curatorial Division, which was known by local researchers (who typically worked in the public sector) as an outstanding book collection of history, art history, archaeology, and folklore of the region. The collection previously contained a number of municipal history series, exhibition catalogues, art books, excavation reports, and ethnographic reports. The book inventory was managed with paper-based cards. After the tsunami, items stored in the museum were primarily rescued and cleaned by the Bunkazai Rescue Project, a governmental task force (Okamura et al., 2013) . The top priority of their mission was to rescue the registered items, but the books were excluded because they were not regarded as part of the official museum collection. Later, rescue technicians from the Miyagi Shiryounet (the NPO Miyagi Network for Preserving Historical Materials) dealt with them. However, they had to discard most of the waterlogged and contaminated books because it was impossible to restore them. The exception included 1,500 undamaged books. The card shelf was also waterlogged, although they nevertheless found approximately 19,000 pieces of book catalogue cards left mostly intact (Figure 2 ). It turned out that the cards were the only source for restoring the original inventory when municipalities, museums, universities, and other institutions offered to donate the same books. The restoration was much desired, but it was beyond the capacity of the Miyagi Shiryounet in terms of technology, manpower, and experience. Therefore, they suggested that CEDACH accomplish the project through collaboration with some local researchers who were involved with both initiatives. The CEDACH agreed to accomplish the project and received the cards at its main workspace in the Research Institute of History, Otemae University, Hyogo prefecture in western Japan.
CEDACH organised a project team with self-motivated volunteers to digitise and archive the book catalogue cards (CEDACH Jimukyoku, 2012, Uozu and Seino, 2013) . The SaaS was employed for this project because the preceding CEDACH GIS project proved that its availability in the remote working environments was essential for group work based on the social network. The workflow began with photographing the cards with a digital camera ( Figure 3 ). The photographs were processed by workers in pairs, based on the policy that each worker should experience as many parts of the workflow as possible. The pictures were then uploaded to an online photo album service. The next step was to input bibliographic information to a table, based on reading individual cards in the photographs. Web-based spreadsheets in Google Drive were used for this work. Both photo albums and spreadsheets were managed by URI (Uniform Resource Identifier) to indicate the permanent location of data on the Internet. URI made it possible for individual members to work remotely, such as at home or school. When new workers joined the project, the project manager pointed out the URIs in a spreadsheet in the unified format along with pictures of catalogue cards. Workers carried out their individual tasks, sometimes referring to online manuals. During data entry, errors occasionally occurred because some images were too coarse to recognise letters. In order to reduce errors, the data entries were cross-checked by other workers in possession of the actual cards at Otemae University. After the edit was completed, spreadsheets were integrated into one main sheet that underwent a final check and retouch of the format.
The project team started calling for volunteers on 17 April 2012, and completed the primary data input on 24 January 2013. In total, 52 self-motivated individuals participated in the project. The work was successfully achieved by remote collaborations where security was easily maintained, since there was still some risk of information leaks when malicious hackers knew the URIs. In the process of cross-checking, duplicate records were removed. As it turned out in the end, the library previously stored approximately 15,000 books, which meant that only 10% of the collection survived. The cross-checking will finish in summer of 2013. The catalogue cards and spreadsheets will be returned to the Ishinomaki Culture Center at the end of the project. )'(4')).
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E-LEARNING
The experience of the GIS and book catalogue projects showed the need for a certain level of ICT skills for those who participated in the digital heritage inventory development. Such skills are usually acquired through on-the-job training, but it was thought that self-learning could also be effective in developing workers' knowledge and skills. Based on this conclusion, CEDACH started developing an e-Learning system, or an online self-learning environment in July 2012 to provide an opportunity to acquire knowledge, technical skills, and practical tips on information processing during the rescue operations of disaster-damaged cultural heritage. It was also expected that an Internet-based system could facilitate individual learning remotely, which was suitable for the online social network of CEDACH.
The e-Learning was named CEDACHeLi, an abbreviation of CEDA-CH e-Learning for information processing. Trainees, or potential users of the CEDACHeLi, may have various motivations and different levels of ICT skills. The first curriculum (hereafter called CEDACHeLi 1) targeted the largest groups of workers who handled data, i.e. the primary data collectors and secondary data compilers who input data to the database (Figure 4) . It was assumed that the majority of workers in these cases had limited ICT knowledge and skills. The curriculum was designed to provide an introduction to ICT-based support for the rescue operations.
In theory, there could be two other groups involved with the ICTbased heritage rescue projects (Figure 4) . First, system engineers develop and maintain the heritage inventory systems. Second, project managers make decisions and supervise data builders including data collectors, data compilers, and engineers. They do this by maintaining communication with external organisations and professionals. CEDACH plans to develop curricula required for these specialists after the CEDACHeLi 1 launches.
Contents of the CEDACHeLi 1 included an introduction to the concept of disaster-prevention heritage studies, information literacy, and practical tips on information processing. Each unit was designed to take 10 minutes to learn to a sufficient level. The units learning objectivities were explicitly presented at the beginning of each unit. This introduction was followed by the main body. Each unit ended with five quizzes to evaluate the learners understanding. The contents were written in Japanese.
The CEDACHeLi 1 comprised approximately 90 units, which were divided into nine chapters. A chapter was divided into two to seven sections, which were then subdivided into several individual units ( Figure 5 and Table 1 ). Step-up to data managers 8.2.4. References
Chapters 0 and 1 introduce the topic ( Figure 5 and Table 1 ). These chapters specify the target learners and present the key concepts of disaster-related heritage studies, methods of conservation, risk management, and education about heritage damaged by past disasters. Learners are expected to understand the reasons why they study disaster-related heritage in Chapter 0 and why they need to acquire knowledge and skills for ICT-based rescue projects of disaster-damaged cultural heritage in Chapter 1.
Chapters 2, 3, and 4 are devoted to developing the information literacy required for ICT-based works. Chapter 2 provides fundamental knowledge of computers, such as operation systems, character encoding, data types, files and directories. Chapter 3 urges learners to pay special attention to licenses and copyrights of digital data and software. Chapter 4 introduces the means of web-based communications, such as e-mail, mailing lists, groupware, and video chatting services. These chapters were written for situations in which several individuals work collaboratively. Therefore, the emphasis was placed on the compliance and intercommunications rather than on how to use computers.
Chapters 5, 6, and 7 provide practical tips on data collection and compilation, which are the main parts of this e-Learning system. Chapter 5 presents types and characteristics of data collected in rescue operations of disaster-damaged cultural heritage based on the experience of CEDACH members. Practical tips in collecting data in the field are then described in Chapter 6, while those for editing data are shown in Chapter 7. Learners are encouraged to study these units in the sequence of the ordinary learning environments, although it is also possible to take units as they like in urgent cases.
An open source learning management system, called Moodle, was employed for online implementation of the CEDACHeLi 1. It was hosted by an application service provider (ASP, see Figure 6) . The advantage of ASP is the economic efficiency for e-Learning providers in terms of the low costs of hardware purchases (e.g. servers) and system maintenance. This Internet-based system facilitates both contents development and communications between learners and teachers. Its open source architecture allows for quick creation of working environments in an urgent case at a relatively low cost.
The CEDACHeLi 1 will launch in late 2013. The e-Learning system will continuously be assessed and improved by feedback from learners and professional reviewers. Future work includes promoting the system to potential learners and implementing coursework using the system. We also plan to develop mobile applications making it possible to use the CEDACHeLi in disaster areas on demand, so long as the local mobile telecommunication services are functioning. 
CONCLUSIONS
This paper presented the projects carried out by CEDACH to support the restoration and conservation of the cultural heritage damaged and endangered by the Great East Japan Earthquake in March 2011. Now that two years have passed, it is thought that the importance of support from remote areas is diminishing because of the increasing amount of rescue archaeological work preceding building construction. Restoration projects need more local fieldwork and less remote support. This changing situation makes it increasingly difficult to maintain communication between those working in disaster areas in the Tohoku region in northeastern Japan and the CEDACH office in the Kansai region of western Japan. We believe that this situation is not particularly optimistic. In order to remedy it, we plan to proceed by accomplishing: (1) the publication of the CEDACH GIS and CEDACHeLi; and (2) feedback on the Ishinomaki book catalogue provided to the museum and public with assessments of the workflow and quality of the product.
History of the Japanese archipelago consists of repeated natural disasters (Sangawa, 2009 ). According to some researchers in geoscience and governmental task forces, it is highly probable that a Great Tokai Earthquake in the Tokai and Kanto regions and a Great Nankai Earthquake in the Kansai region, both along the Pacific coast, will take place within the next years. In the case of the Great East Japan Earthquake, these regions played an important role in providing remote support, but these areas may be the epicenter of disaster areas next time. Facing this possible situation, two questions for researchers in history and archaeology are raised: First, is it possible to accomplish the rescue, preservation, and conservation of damaged heritage with sufficiently scientific quality, in agreement with economicallydamaged local residents in the disaster areas? If so, to what extent can researchers contribute to the sustainable development of this disaster-prone archipelago in a subjective manner, while involving the public and taking into account global issues of disaster risk reduction? We encourage further discussion of this issue with international colleagues, since cases of disaster-related heritage can develop anywhere in the world.
